We study the exclusive b → uℓ − ν ℓ (ℓ = τ, µ, e) decays in the MSSM with and without R-parity violation. From the experimental measurements of branching ratios
Introduction
The rare B decays have received a lot of attention, since they are very promising for investigating the standard model (SM) and searching for new physics (NP) beyond it. Among these B decays, the rare semileptonic ones have played a central role for a long time, since the most precise measurements of the CKM matrix elements |V ub | and |V cb | are based on the semileptonic decays b → uℓ − ν ℓ and b → cℓ − ν ℓ , respectively. These decays can also be very useful to test the various NP scenarios like the two Higgs doublet models [1] , the minimal supersymmetric standard model (MSSM) [2, 3] , and etc.
It is known that the charged Higgs boson exists in any models with two or more Higgs doublets, such as the MSSM which contains two Higgs doublets H u and H d coupling to up and down type quarks, respectively. The charged Higgs sectors of all these models may be characterized by the ratio of the two Higgs vacuum expectation values, tan β, and the mass of the charged Higgs, m H . Large tan β regime of both supersymmetric and nonsupersymmetric models has a few interesting signatures in B physics (for instance, see Refs. [4, 5, 6, 7, 8, 9 , 10,
11, 12] and references therein). One of the most clear ones is the suppression of B(B
with respect to its SM expectation [12] . In the MSSM, the charged Higgs contributions to the exclusive b → uℓ − ν ℓ decays, including B − u → τ − ν τ decay, come from the b quark transforms to a u quark emitting a virtual charged Higgs that manifests itself as a lepton-neutrino pair.
In this paper, we will present a correlated analysis of all these exclusive b → uℓ − ν ℓ observables within the large tan β limit of the MSSM.
In the MSSM, one can introduce a discrete symmetry, called R-parity (R p ) [13] , to enforce in a simple way the lepton number (L) and the baryon number (B) conservations. In view of the important phenomenological differences between supersymmetric models with and without R p violation, it is also worth studying the extent to which R p can be broken. The effects of SUSY with R p violation in B meson decays have been extensively investigated, for instance
Refs. [14, 15, 16, 17, 18, 19, 20] . In Ref. [20] , the R p violating (RPV) and lepton flavor violating coupling effects have been studied in B − → ℓ − ν ℓ decays. The exclusive b → uℓ − ν ℓ decays involve the same set of the RPV coupling products for every generation of leptons. In this work, still assuming lepton flavor conservation, we will investigate the sensitivity of the exclusive b → uℓ − ν ℓ decays to the RPV coupling contributions in the RPV MSSM, too.
The paper is organized as follows. In section 2, we introduce the theoretical frame of the exclusive b → uℓ − ν ℓ decays in the MSSM with and without R p violation in detail. In section 3, we tabulate all the theoretical inputs. In sections 4 and 5, we deal with the numerical results.
We display the constrained parameter spaces which satisfy all the available experimental data, and then we use the constrained parameter spaces to predict the NP effects on other quantities, which have not been measured or have not been well measured yet. Section 6 contains our summary and conclusion.
2 The exclusive b → uℓ − ν ℓ decays in the MSSM with and without R-parity violation
In supersymmetric extensions of the SM, there are gauge invariant interactions which violate the B and the L in general. To prevent occurrences of these B and L violating interactions in supersymmetric extensions of the SM, the additional global symmetry is required. This requirement leads to the consideration of the so called R p conservation (RPC).
In the MSSM with RPC, the terms in the effective Hamiltonian relevant for the b → uℓ − ν ℓ decays are
here
, parameter ǫ 0 is generated at the one loop level (with the main contribution originating from gluino diagrams). Note thatǫ 0 of [11] corresponds to ǫ 0 in our convention.
The first term in Eq. (1) gives the SM contribution shown in Fig. 1(a) , and the second one gives that of the charged Higgs scalars shown in Fig. 1(b) . Even though the requirement of RPC makes a theory consistent with present experimental searches, there is no good theoretical justification for this requirement. Therefore, the most general models with explicit R p violation should be also considered. In the most general superpotential of the MSSM, the RPV superpotential is given by [21] 
Using the B → P transition form factors [22] 
where the factor c P accounts for the flavor content of particles (c P = √ 2 for π 0 , and c P = 1 for
where θ is the angle between the momentum of B meson and the charged lepton in the c.m.
system of ℓ-ν, and the kinematic factor λ P = m
Here, we give the definition of the normalized forward-backward (FB) asymmetry of charged lepton [23] , which is more useful from the experimental point of view,
Explicitly, for B → P ℓ − ν ℓ the normalized FB asymmetry is
2.3 The branching ratio for
In terms of the B → V form factors [22] 
where (24) where (16), the normalized FB asymmetry of B → V ℓ − ν ℓ can be written as
For B → V ℓ − ν ℓ decay, besides the branching ratio and the normalized FB asymmetry of charged lepton, another interesting observable is the ratio of longitudinal to transverse polarization of
T , which can be derived from the following differential expressions
In this section, we give the expressions of only the exclusive b → uℓ − ν ℓ decays, but we will use the CP averaged results of the exclusive b → uℓ − ν ℓ and b → uℓ + ν ℓ decays in our numerical analysis.
Input Parameters
The input parameters except the form factors are collected in Table I . In our numerical results, we will use the input parameters, which are varied randomly within 1σ range. f Bu = 0.161 ± 0.013 GeV.
[22]
[25]
For the form factors involving the B → P (V ) transitions, we will use the recent lightcone QCD sum rules (LCSRs) results [22] , which are renewed with radiative corrections to the leading twist wave functions and SU (3) 
For the form factors A V 2 and f K + , it is more appropriate to expand to second order around the pole, yielding
where
However, B s → K form factors are not given in LCSR results [22] . After discussions with authors of Ref. [22] , we obtain them as
All the corresponding parameters for these form factors are collected in Table II .
We have several remarks on the input parameters: • Form factor: The uncertainties of form factors at s = 0 induced by F (0) are considered.
• CKM matrix element: Using experimental measurements of |V ub | from the inclusive b → u semileptonic B decays, these exclusive b → uℓ − ν ℓ decays can be used to constrain the parameters of theories beyond the SM. The weak phase γ is well constrained in the SM, however, with the presence of R p violation, this constraint may be relaxed. We will not take γ within the SM range, but vary it randomly in the range of 0 to π to obtain conservative limits on RPV coupling products.
• RPV coupling: When we study the RPV effects, we consider only one RPV coupling product contributes at one time, neglecting the interferences between different RPV coupling products, but keeping their interferences with the SM amplitude. We assume the masses of sfermion are 100 GeV. For other values of the sfermion masses, the bounds on the couplings in this paper can be easily obtained by scaling them by factorf 2 ≡ ( mf 100 GeV )
2 .
Numerical results in the MSSM with RPC
In this section, we study the charged Higgs contributions to the exclusiveb →ūℓ + ν ℓ decays in the MSSM with RPC. Since the couplings of the charged Higgs to the leptons are always proportional to the charged lepton masses (see the foregoing equations), it is easily to understand that the effects of the charged Higgs will not significantly affect in the case of the light leptonic decays, so we only present the charged Higgs contributions to the exclusiveb →ūτ + ν τ decays.
Based on the constraint of the charged Higgs effects from the measurement on B(
we investigate these effects on B, dB/ds,
Note that the charged Higgs effects on the exclusiveb →ūτ + ν τ decays have been discussed in Ref. [26] , which fixed tan β = 50 and let physical quantity as a function of m H . Here we will not choose tan β as a fixed value but let observable as a function of tan β and m H to study the effects of tan β and m H . In addition, we will investigate the charged Higgs contributions to Γ V L /Γ V T , which has not been studied yet. For the exclusiveb →ūτ + ν τ decays, the purely leptonic decay B + u → τ + ν τ has been measured by BABAR [27] and Belle [28] . We will use the averaged experimental data from Heavy Flavor Averaging Group [25]
Using the experimental data of B(B + u → τ + ν τ ) varied randomly within 1σ range and considering the theoretical uncertainties, we constrain the allowed range of tan β/m H , which is shown in Fig. 3(a) . The corresponding bound from the upper limit of B(B
is also displayed in Fig. 3(b) , in which the bound is weaker than one from B(B
At present, the most stringent bound comes from B Table VI , in which we find that the charged Higgs contributions could slightly reduce B(B → P (V )τ ν τ ) and
Now, we present correlations between the physical observables and the charged Higgs effects by the two-dimensional scatter plots, and moreover, we give the SM predictions for comparison. 
The charged Higgs effects on B
to each other, therefore we will take B 
We use the experimental data of B(B
which is varied randomly within 1σ range to constrain the two RPV coupling products. Our bounds on the two RPV coupling products are demonstrated in Fig. 5 , in which we find that every RPV weak phase is not much constrained, but the modulus of the relevant RPV coupling products can be tightly upper limited. The upper limits for the relevant RPV coupling products are summarized in Table V . Note that the bounds on the direct quadric couplings have not 
been estimated in previousb →ūτ + ν τ studies. Our bounds on the RPV quadric couplings from B + u → τ + ν τ are weaker than the bounds, which are calculated from the products of the smallest values of two single couplings in [30, 31] .
Using the constrained parameter spaces shown in Table VI . We can find some salient features of the numerical results listed in Table VI . 1 The contributions of λ ′ * 33i λ ′ 31i due to squark exchange will little enhance the branching ratios B(B → P τ + ν τ ) and B(B → V τ + ν τ ). Because the effective Hamiltonian of squark exchange is proportional to operator (bγ
, which is the same as the SM one, the effects of squark exchange are completely canceled in
2 As for the contributions of λ * i33 λ ′ i13 due to slepton exchange, the slepton exchange coupling has not obvious effects on B(B → P (V )τ + ν τ ), but the allowed ranges of 
can be enlarged by this coupling, especially, their allowed lower limits are observably decreased.
For each RPV coupling product, we can present the correlations of B and Γ V L /Γ V T within the constrained parameter space displayed in Fig. 5 by the three-dimensional scatter plots.
The differential branching ratio dB/ds and the normalized FB asymmetry A F B can be shown by the two-dimensional scatter plots. The RPV coupling λ 
has some sensitivity to |λ |φ Rp |. As shown in Fig. 6(e-f) ,
, too. In Fig. 6(c-d) , the λ Fig.  7(a-c) . From Fig. 7(f-g) , the effect of λ *
have smaller values and, especially, the sign of
be changed by the effect. There is similar reason for significant effects of slepton exchange on Fig. 4(f) , i.e. the normalized FB asymmetry is not suppressed by m 
The exclusive
For the exclusive b → uℓ ′ ν ℓ ′ decays, several branching ratios have been accurately measured by BABAR, Belle and CLEO [32, 33, 34, 35, 36, 37] . Their averaged values from PDG [24] and corresponding SM prediction values are given in Table VII . The experimental results are roughly consistent with the SM predictions, nevertheless there are still windows for NP in these Table VII: The experimental data for the exclusive b → uℓ ′+ ν ℓ ′ decays [24, 32, 33, 34, 35, 36, 37] and corresponding SM predictions. Table VII. processes. Because many branching ratios have been accurately measured, in order to easily obtain the solution of the RPV coupling products, we will use the experimental data given in Table VII , which are varied randomly within 2σ range to constrain the RPV coupling products.
Experimental data SM value for
Four RPV coupling products λ
and their experimental data listed in Table VII to restrict the relevant RPV parameter spaces. The random variation of the parameters subjected to the constraints as discussed above leads to the scatter plots displayed in Fig. 8 . In Fig. 8 Table VIII .
Compared with the existing bounds [30, 31, 38] , which are estimated from the products of the smallest values of two single couplings, we get quite strong quadric bounds on |λ * i22 λ ′ i13 | and |λ * i11 λ ′ i13 |, due to the slepton exchange couplings. 
Using the constrained parameter spaces shown in Fig. 8 , we predict the RPV effects on other quantities which have not been measured yet in the exclusive b → uℓ ′+ ν ℓ ′ decays. Our predictively numerical results are summarized in Table IX . Because the RPV effects on the 
, as well as shrink the allowed ranges of these branching ratios. The squark exchange effects are completely canceled in
2 The slepton exchange couplings λ * igg λ ′ i13 , which satisfy all present experimental constraints, could significantly change the purely leptonic decay branching ratios B(B 
Figs. 9-10 show the RPV contributions in the b → uµ + ν µ decays. We view that the trends in the changes of the physical observables with the modulus and weak phase φ Rp of the RPV couplings by the three-dimensional scatter plots, and we also compare the SM predictions with the RPV MSSM predictions in dB/ds and A F B by the two-dimensional scatter plots. Fig. 10 presents the λ * i22 λ ′ i13 effects due to the slepton exchange couplings on the exclusiveb →ūµ + ν µ 
Summary
In this paper, we have studied the 21 decay channels B 
